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A s the principles on which phsenomena depend can only 
be discovered by a careful investigation of the circumstances 
attending every new fact which presents itself, its import- 
ance must not, in the first instance, be estimated by the 
magnitude of the effects produced, but by their peculiarity • 
However minute may be the effects, m inquiry into the laws 
which govern them, if unattended by any other, will have 
this advantage, that these laws will serve as an additional 
test of the correctness of the principles advanced for the ex- 
planation of the more striking ph^enomena, firmly establish- 
ing their truth, if the consequences of those principles, or 
being incompatible with them, pointing out their fallacy. 
Thus the severest test that the principle of gravitation has 
been subjected to, is the explanation of the minute irregula- 
rities in the planetary motions ; and the coincidence of the 
observed irregularities with those deduced from the applica- 
tion of this principle would have established its truth beyond 
dispute, had any doubt previously remained. In the expe- 
riments which I am about to detail, the effects produced are 
of this minute character; but as they point out a species of 
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action not hitherto observed, they will not, I trust, be consi- 
dered unimportant. 

It has been stated that different effects will be produced on 
iron, as regards its polarity, when struck, twisted, filed, or 
scoured in different positions, with respect to the magnetic 
axis or line of the dip ; but I am not aware that it has ever been 
suspected that the simple rotation of iron, in different direc- 
tions, would have any effect on the manner in which the iron 
influenced a magnetic needle. This I have discovered to be 
the case ; and that the laws which govern this peculiar action 
on the needle are so general and uniform, that I have no doubt 
their causes are as steady in their operation, as those to which 
the more striking phaenomena of magnetism owe their origin « 
On observing these magnetical phsenomena arising purely from 
rotation, it appeared to me that they might possibly indicate 
the cause of the earth's magnetism; and this was a further 
inducement to me thoroughly to investigate the circumstances 
connected with them. Before giving the particulars of these 
phaenomena, it is necessary that I should mention how I was 
first led to observe them. 

For some time previous I had been engaged in making 
several series of experiments, with a view to discover the 
precise manner in which unmagnetised iron acts upon a mag- 
netic needle. For this purpose I had made use of an iron 
ball 13 inches in diameter, and likewise of a shell 18 inches 
in diameter, and observed their effects on the needle in vari- 
ous positions, as referred to certain planes passing through 
its centre. The shell and the needle were placed in the re- 
lative positions which I wished to give them, by determining 
a radius and an angle on an horizontal plane, and a vertical 
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ordinate. The requisite computations being necessarily 
tedious, when I wished to pursue the subject further, I found 
them, from their number, so laborious, that I resolved, if 
possible, to supersede the necessity of them by the construc- 
tion of an instrument, by which I could adjust the iron and 
the needle in their proper relative positions, without any 
previous computation. In this I succeeded ; but as the iron 
was to be supported on an arm of brass, it became necessary 
to make use of a plate of iron instead of the heavy shell of 
nearly 500 lbs. weight; and in consequence of this, when I 
expected that I had overcome the principal difficulties, I 
found they had only commenced. It is well known that 
almost every mass of iron, but especially sheet iron, pos- 
sesses polarity in a slight degree, and of a very variable 
nature in some parts of it, whatever care may have been 
taken in its manufacture ; and I soon found, to my no small 
vexation, that the effects apparently produced by it in that 
which I made use of were so various, that they would for a 
long time baffle me in my investigations, if they did not ulti- 
mately frustrate all my attempts at drawing any conclusions 
from the experiments. 

The instrument which I have mentioned is represented in 
Plate XXV. fig. 1. The principal part consists of two 
strong limbs of brass : one, SQN, a semicircle, 18 inches in 
diameter, 2.15 inches broad and .3 inch thick: the other 
consists of two semicircles joined together ; S ^ N, 1.2 inches 
broad and .22 thick, and its outer diameter 18 inches ; s ^n 
.9 inch broad, .22 thick, and its inner diameter 9.2 inches 
SM^n^s and SQN are attached to each other by strong 
brass pins passing from S to 5 and N to w ; so that sMn will 
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re¥olve about the axis Ssn}^, while SQ N is fixed. SMl^ 
and S Q N are graduated from M and Q towards S and N, ias 
is likewise s ^n from a towards s and n. The serbicircle 
S Q N passes freely through an opening in the support G I, 
but may be clamped firmly in any position by means of two 
strong screws, working into the parts G, G' from the back of 
the instrument. On the chamfered edge of the opening g, in 
the face of G G', is an index showing the inclination of the 
axis S N to the horizon ; and on the part K ^ at the foot of 
the pillar, and attached to it, is an index pointing out on the 
graduated circle L /, fixed on the table T t, the situation of 
the fixed limb SQN with respect to the magnetic meridian» 
R r is another graduated circle, fixed to the moveable limb 
S ^N ; which, by the index at x on the fixed limb SQN, 
shows the angle described by S ^ N from the plane of S Q No 
A very strong brass pin, soldered to the foot of the pillar, 
passes through the table T t and a thick circle of wood, to 
which the legs are attached, and has below a clamping screw, 
to fix the whole firmly together in any position. The com- 
pass box WSf is fitted on to a stand fixed to the support Ff, 
which consists of two parts ; / fitted to G, and F sliding on 
a tube attached tof; so that the compass may be elevated 
or depressed. An ariii AB, to carry the circular plate of 
iron C^, is connected with the moveable limb S^N. The 
part A a consists of two flat piece;^, liavihg the limb of the 
instruinent between them, so that the arm may be moved 
into any position on it, and be fixed in that situation by ineans 
of a strong screw working into the face A a. On the cyM- 
drical part B6, a short hollow by litider slides freely, having 
a circular rati raised M inch from it, to support the iixm plate 
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Cc at rigHt angles to the axis of the cylinder. Over the 
plate of iron is a wooden washer D d, which is pressed on it 
by the screw h working on the short cylinder. The cylinder 
with the plate is fixed in any position on the arm by the 
clamp M m. In the part A^ of the arm are two openings 
a, d, on the chamfered edges of which are indexes in a line 
with the axis of the cylinder B b, so that when each points to 
the same arc on the semicircles S iE N, san^ the axis of the 
cylinder B 6 is directed towards their centre, and every point 
in the edge of the plate is at the same distance from that 
centre. As the weight of the plate was a considerable strain 
on the instrument, a scale to contain a counter- weight, was 
suspended from the ceiling of the room, and the line from it 
passed through a moveable pulley, attached to the arm B 6, 
so that the weight might easily be adjusted to relieve nearly 
altogether the strain of the plate on the arm in any position. 
The arm was also occasionally supported, and kept steady in 
its position, by a sliding rod resting on the table T t The 
compass consists of a circular box, containing a circle 6 inches 
in diameter, very accurately divided into degrees, and again 
into thirds of a degree ; and a very light needle, having ah 
agate in its centre, and its point of suspension only ,07 inch 
above the surface of the needle. The extremities of the 
needle are brought to very fine points ; so that by a littlte 
practice, with the assistance of a convex lens, I could read olF 
the deviations very correctly to two minutes, being the tenth 
of the divisions oh the circle. To this compass I have ano- 
ther needle, which has a vernier at each end ; but this being 
much larger and heavier, and consequently not so sensible, I 
greatly prefer the other for aH delicate experim^hts. In the 
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expCTiments which I had previously made, and in those which 
I proposed making with this apparatus, I conceived a sphere 
to be described about the centre of the needle, referring 
the situation of the iron to a plane, in which, according 
to the hypothesis I had adopted, it should equally affect the 
north and south ends of the needle. The line in which the 
needle would place itself, if freely suspended by its centre of 
gravity, I considered as the magnetic axis ; the points where 
this axis cuts the sphere, the poles, the upper being the 
south, and the lower the north pole ; and the great circle at 
right angles to the axis, the equator, being the plane above 
mentioned. The position of the iron was thus determined 
by its latitude and longitude ; the longitude being always 
measured from the eastern intersection of the equator with 
the horizon. The angle which the axis makes with the 
horizon I considered to be, according to the most accurate 
observations, very nearly ^d' 30'.^ 

As I shall have frequently to refer to different adjustments 

♦ In 1S18 Captains Katir and Sabihe found the dip to be 70^34 in the 
Regent's Park; and in 1819, in the same place. Captain Sabiite found it to be 
70® 3 3'. 27. Since making the greater part of these experiments, I have had oppor- 
tunities of observing the dip at this place. With a very good instrument, by 
T. JoMBS of Charing Cross, having a 7-inch needle, consisting of two circular arcs, 
on Captain Kater's construction, the mean of 40 observations, 10 with the face of 
the instrument east, 10 with the face west, and the same with the poles reversed, 
gave the dip 70® ^S'^S on the 23d December, 1821, between the hours of 1 and 
4 P. M, the observations being made in my garden. With another instrument, also 
by T. JoKis, having an 8-inch rectangular needle, the mean of 40 observations 
made in my garden, (about a mile from the former place of observation) near noon 
on the 5th and 6th May, 1824, gave 70^06.5 for the dip. With the same instru- 
ment, but using a needle on Meybr's construction, the mean of 40 observations 
near noon on the 8th May, 1824, gave the dip on the same spot 70° lo'.s. 
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of the instrument, I will here briefly notice their effects- The 
angle which the axis SN, fig. 1. makes with the horizon 
HO, being 70° 30', if S QN is in the magnetic meridian, and 
the compass is adjusted, so as to have its centre in the centre 
of the instrument, SN will be the magnetic axis, and the 
centre of the plate, as there represented, would, by the rota- 
tion of the limb S^N, describe a parallel of latitude, its 
longitude being indicated on the circle R r : and if the in- 
dexes at 0, 0' be brought to coincide with IE, ^, the centre of 
the plate would then describe the equator. If the limb SQN 
be slided through G G' until the index there coincide with 
19"^ 30^ from Q towards S, and the indexes o, 0' be made to 
coincide with M m^ as represented in Fig. £, the centre of the 
plate, by the revolution of the limb, would describe a secon- 
dary both to the meridian and equator, and its latitude would 
be indicated on the circle R n If the point Q, Fig. 1, or zero 
on the limb S Q N, be brought to coincide with the index at 
g^ and the instrument make a quarter of a revolution about 
G I, so that the index at K may point to 90*", the centre of 
the plate would describe the meridian when the indexes at 
0, d coincide with M, m ; and the latitude would be deter- 
mined from the degrees indicated on Rn This is repre- 
sented Fig. 3, where the contrary side of the instrument to 
that seen in Fig. 1,2^, is placed in front, in order to show 
the situations of the screws, which clamp the arm A B and 
the limb SQN in their respective situations. Thus, by a 
proper adjustment of the indexes at K,j^, 0, 0', the centre of 
the plate may be made to describe any circle of the sphere. 

After making a very few sets of experiments with this 
instrument, I found that it was necessary to attend very par- 
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ticularly to the situation of certain points on the iron plate 
with respect to the hmb, since, with one point coinciding 
with it, the deviation of the needle, when the centre of the 
plate was on the meridian, would be easterly, and with 
andther point coinciding, westerly ; whereas had the iron 
possessed no partial magnetism, which was the case I wished 
to investigate, there would have been no deviation when its 
centre was on the meridian. My first object was to find 
what points on the plate must coincide with the Hmb, in 
order that the plate, when its centre was on the meridian, 
should cause no deviation in the needle ; and it was in my 
attempts to effect this, which at first sight appears sufficiently 
easy, that I discovered the leading feature in all the phe- 
nomena which I am about to describe. 



General description of the phcenomena arising from the rotation o 

an iron plate. 

In order to find the points which I have mentioned, I 
adjusted the instrument so that the plane of the fixed limb 
was exactly in the magnetic meridian, and then brought the 
other limb into the same plane : the centre of the plate was 
then on the piagnetic meridian, and its plane perpendicular 
to that plane, as represented in Fig. i . I now made the 
plate revolve in its own plane about the axis B6, and noted 
ve^y careliilly its effect on the needle. In doing this I found 
that if I placed the plate on the arm, so that a certain point, 
c for instance, coincided with the plane of the limb, the 
deviation was different when the same point, by the revolu- 
tion of the plate, coincided with the limb again • As it ap- 
peared by this that the revolution of the plate had an effect 
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upon the needle, independent of the partial magnetism of 
particular points, I considered that if the plate were made to 
revolve the contrary way, the deviation ought to be on the 
opposite side, and this I found to be the case. I will illustrate 
this by the observations made when I first noticed the effect. 
The plate was divided at every 30^ of its circumference 
(Fig. 4.) by lines drawn through the centre, and being placed 
on the arm, so that 0° coincided with the upper part of the 
limb, the north end of the needle pointed 10' east ; but when 
this point again coincided with the limb, by the upper edge 
of the plate revolving from west to east^ the needle pointed 
30' east : making the plate revolve the contrary way, that is, 
its upper edge from east to west^ when o® coincided with the 
limb, the north end of the needle pointed s 8' west: so that 
there was a difference of 58^ when every point of the plate 
had the same position with respect to the needle, according 
as the plate was brought into that position by revolving from 
west to east, or from east to west. As this appeared extra- 
ordinary, I made repeated observations at the time, to ascer- 
tain that the effect was independent of any accidental 
circumstances, and found that the results always accorded 
with the first, the difference caused by the rotation of the 
plate being however greater or less according to the position 
of the plate. 

Having fully satisfied myself that, in whatever manner 
the rotation of the plate might cause this difference, such was 
really the effect, I next endeavoured to ascertain the nature 
and degree of the difference, according to the different situa- 
tions of the centre of the plate. For this purpose I made a 
great variety of experiments, of which I shall not however 
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here give the details, as I afterwards repeated them in a more 
convenient manner, and with greater precision ; but shall 
merely point out the nature of them in general, and the con- 
clusions which I at the time drew from them. The instru- 
ment being adjusted, and the arm fixed so that the centre of 
the plate was in the position which I required, I made the 
plate revolve so that its upper edge moved from west to east, 
and noted the greatest and least deviation of the north end 
of the needle ; i then made the corresponding observations 
when the plate revolved in the contrary direction: a mean 
of the differences between the two greatest and between the 
two least I considered as the effect produced on the needle 
by the rotation of the plate in opposite directions. Repeating 
these in a variety of positions, I found that when the centre 
of the plate was in the magnetic meridian, its plane being 
always a tangent to the sphere circumscribed about the 
centre of the needle, the deviation of the needle caused by 
the rotation of the plate in its plane was the greatest when 
the centre of the plate was in the equator, and that it de- 
creased from there towards the poles, where it was nothing ; ^ 
that when its centre was on the equator, this deviation was 
the greatest when the centre of the plate was on the me-» 
ridian, or in longitude 90°, and decreased to nothing in the 
east and west points, or when the longitude of the plate was 
0° or 180'' ; and that when the centre of the plate was in the 

* 1 should here mention, that, from the nature of my instrument, I could not 
make observations at the north pole ; but as the results, as far as I could observe, 
were of the same nature on this side of the equator as on the south side, I think I 
am warranted in concluding, that at the north pole the results would likewise be of 
the same nature as at the south pole. 
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secondary both to the equator and meridian, the rotation of 
the plate, whatever might be its latitude, caused no deviation 
of the needle. In these experiments;, the plate which I made 
use of was a circular one 17.88 inches in diameter, and .099 
inch in thickness, weighing 1 1 2 oz. The further I had pursued 
this inquiry, the more I was disposed to attribute the effects 
I have mentioned to a general magnetic action, arising in a 
peculiar manner from the roiaif/o/^ of the iron; and my next 
experiments were with the view of ascertaining how far this 
idea was correct. As similar results might not be obtained 
with any other plate, I next made use of a plate 13.13 inches 
in diameter and .075 inch in thickness, weighing 38.75 oz., 
and with it obtained results precisely of the same nature, 
though considerably less in quantity. Another objection 
which occurred to me was this— that the iron being evidently 
slightly polarised in particular points, the effect might be 
supposed to arise from an impulse given to the needle by 
the motion of these points in a particular direction, and that 
the directive power of the needle not immediately over- 
coming the slight friction on the pivot, a deviation might 
thus arise from the rotation of the plate. Had this, however, 
been the cause of the deviations, I should have expected that, 
when the centre of the plate was in the meridian, the greatest 
effect would be produced with the plate parallel to the 
horizon, and its centre vertical to that of the needle; but I 
had seen that the greatest deviation took place when the 
centre of the plate was in the equator, its plane being per- 
pendicular to it ; and the deviation arising from the rotation^ 
when the plate was parallel to the horizon, was not a fifth 
of the deviation when the plate was perpendicular to that 



358 Mr. Christie on the magnetism of 

plane. Besides it was manifest that if this were the cause, 
any other impulse would have a similar effect. I therefore 
made the needle revolve first in one direction and then in 
that opposite, by means of a small bar magnet, and invariably 
found that it settled at the same point, in whichever direction 
the impulse was first given, and the results obtained by the 
rotation of the plate were in these cases of the same nature as 
before. It was also evident, that if the deviations I have 
mentioned arose from this circumstance, the needle being 
agitated after any particular point of the plate was brought 
to the hmb of the instrument, it ought to settle in the same 
direction, whether that point were brought into this position 
by revolving from east to west or from west to east; but this, 
except in the cases I have mentioned, where the rotation pro- 
duced no deviation, was not found to take place. In order 
wholly to obviate this objection, in all my future experi- 
ments, after any point had been brought to the limb of the 
instrument, I agitated the needle, and let it settle before I 
noted the deviation. 

Description of particular experiments. 

As I had found in my first experiments that I could obtain 
the nature of the deviation caused by the rotation by noting 
the greatest and least deviations when the plate was made 
to revolve in contrary directions, but that the quantity of 
that deviation could not by this means be determined with 
any degree of precision, I resolved to make my future ob- 
servations differently. The method I adopted, when the 
change in the deviation from one point of the plate to another 
was considerable, was this: the plate being placed in any 
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required position, I made it revolve once, for example, the 
upper edge from east to west, without noting the deviations, 
bringing the point marked o° to coincide v^ith the line indi- 
cating the position for observation ; from hence I continued 
the revolution of the plate until the point marked 30® 
coincided with the same line, and, after slightly agitating the 
needle, noted the deviation ; and in the same manner were 
the points 6o% 90'', 120^ 150®, i8o% 210°, 240% 270'', 300^ 
SSo"", 360"" or o** brought successively to coincide, and the 
deviations noted. I now made the plate revolve once from 
west to east, without noting the deviations, bringing 0"" or 
360° to coincide with the same line, and then brought in 
succession 330^ 300% 270^ 240^ 210°, l8o^ 150^ 120°, 90°, 
So*", 30"", o« to coincide, noting the deviations as before. The 
sum of the first set divided by 12, I considered as the mean 
deviation, when the plate revolved from east to west; and 
the sum of the others divided by 12, as the mean deviation, 
when the plate revolved from west to east i their difference 
was the mean effect of the rotation in contrary directions. 
This. I call the Deviation due to Rotation ; and to distinguish 
it from the deviation caused simply by the position of the 
iron, I call this last the Absolute Deviation. When the change 
in the deviation from one point of the plate to another was 
not so considerable, I made the observations only for the 
points o^ 90^ i8o% 270*^ on the plate. 

I now proceed to the detail of the experiments, and the 
conclusions I draw from them. In those which I shall first 
describe, the centre of the plate was always in the magnetic 
meridian ; its plane was perpendicular to the meridian, and a 
tangent to the sphere, whose centre was the centre of the 
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needle; and the plate revolved, as in all other cases , in 
its own plane: they are a repetition of those by which I 
first discovered several of the facts I have mentioned^ but 
made for the purpose of determining more precisely the 
deviation caused by the rotation. In making these, the in- 
strument was adjusted so that the index at g, fig. i , pointed 
to o'', that at K to 90°, and those at o, o' to Zero ; so that 
S N was horizontal and pointed east and west, as represented 
in fig. 3. 

In the following table, the numbers in the first column 
indicate the points of the plate which coincided with the plane 
of the meridian nearest the south, or upper pole of the 
sphere, when the several directions of the north end of the 
needle in the same lines with them were observed; the 
latitudes and longitudes are those of the centre of the plate 
as referred to the centre of the needle, the longitudes being 
measured froixi east through north ; the letters at the tops of 
the columns indicate the direction in which the edge of the 
plate, nearest the south pole of the sphere, moved; the 
mean deviation of the needle, when the plate revolved in this 
direction, is placed in the line below the other deviations ; 
the direction in which the deviation due to rotation took place, 
in the following line ; and the whole deviation, arising from 
making the plate revolve in opposite directions, below this : 
the deviations observed always refer to the north end of the 
needle. The distance of the centre of the plate from that of 
the needle was 9-75 inches ; the diameter of the plate, 17.88 
inches; thickness, .099 inch; weight, 112 oz.: so that its 
specific gravity appeared to be 7826. This plate I call 
No, I. 
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From these observations it appears, that when the centre 
of the plate was in the pole of the magnetic sphere, its plane 
being parallel to the equator, the position of the needle, for 
any situation of the several points of the plate, was the same 
whether they were brought into that situation by the plate 
revolving from east through south to west^ or from west 
through south to east ; that is, that the deviation due to rotation 
was nothing : 

That the deviation due to rotation increased from this point 
towards the equator, where it was the greatest : 

And that the horizontal needle was affected by the rotation 
of the plate, not according to the situation of the centre of the 
plate as regarded the poles and equator of the horizontal 
needle, but as regarded the poles and equator of an ima- 
ginary dipping needle passing through the centre of the 
horizontal needle. 

This last is not so evident, from the circumstance of the 
deviation being nothing when the centre of the plate was in 
the pole of the dipping needle, and a maximum when in the 
equator, as from its being very nearly equal at equal distances 
on each side of the pole, and also of the equator, that is, at 
very unequal distances from the axis of the horizontal 
needle ; and from the deviations at equal distances from the 
axis of the horizontal needle being very unequal. For if we 
compare the deviation due to rotation in lat. 70® 30' S, long. 90^, 
with that in lat. 70^30^8, long. 270^, the difference is only 
1^ ; in the first case, the centre of the plate was at the dis-- 
tance of 90*^ from the axis of the horizontal needle, and its 
plane parallel to it ; and in the other at the distance of si"*, 
and its plane making an angle of 39"" with this axis. Again , 
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in the four corresponding situations of lat 19^ 30^ the mean 
deviation due to rotation is 1° s^', and none of the deviations 
differ from this by more than 5'? although in two cases the 
centre of the plate was in the axis of the horizontal needle, 
and its plane perpendicular to it, and in the two others the 
centre of the plate was at the distance of S9^ from this axis^ 
and its plane made an angle of 51° with it. The mean of the 
deviations due to rotation in the three"^ corresponding situa- 
tions of lat. 45^ is 49^ from which none of the deviations 
differ by 3', notwithstanding the difference in the situations 
of the centre and plane of the plate, in these cases, with re- 
spect to the axis of the horizontal needle. In long. 90"* lat. 
45® S, the centre of the plate was 64° 30^ above the horizontal 
axis, and its plane made an angle of 25^ 30' with it ; in long. 
90"^ lat. 45° N, it made an angle of 64"" 30^ at 25"* 30' below it ; 
and in long. 270*^ lat. 45''S, it was in a position above it 
similar to the last. Any doubt, however, on the subject 
will be removed, if we compare the deviation in long. 90"" 
lat, 39'' N with that in long. 270° lat. o ; the one deviation 
being nearly double of the other, although the centre of the 
plate was at the distance of 19° So' from the axis of the 
horizontal needle, and its plane made an angle of 70"" 30' 
with it in both cases. The difference is even more striking, 
if we compare the deviation in lat. 70^ 30' S, long. 270*^, with 
that in lat. 31*" so'S, long. 90"", the centre of the plate being 
in each case at the distance of si" from the axis of the hori- 
zontal needle, and its plane making an angle of S9^ with it. 

* The nature of the instrument would not admit of observations being made so 
near to the north pole in long. 270® as lat. 45°, or so near as lat. 70® 30' on the other 
side of the support G I. 

MDCCCXXV. 3 B 
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The difFerences which we have noticed in the deviations ob- 
served at the same distance from the equator, is not more 
than I have found to arise from a shght change in the adjust- 
ment of the centre of the needle to the centre of the instru- 
ment, the plate remaining in the same position. These 
errors of adjustment I found it almost impossible to avoid, 
owing probably in a great measure to the magnetic centre of 
the needle not being in the centre of suspension ; and it was 
to counteract their effects, that I generally made observa- 
tions on contrary sides of the centre. 

With respect to the direction in which the deviation due to 
rotation took place, it appears, that the rotation of the plate 
always caused the north end of the needle to move in the 
same direction as the edge of the plate nearest the south pole 
of the magnetic sphere : so that the deviation of the north end 
of the needle was in the direction in which the south edge of 
the plate moved, and that of the south end of the needle in the 
direction in which the north edge moved, referring the edges 
to the poles of the sphere. 

Having ascertained, that when the centre of the plate was 
in the pole, and its plane parallel to the equator, the deviation 
due to rotation was nothing ; and some of the first experiments 
which I had made having indicated that this was also the 
case when the centre of the plate was in the secondary to the 
equator and meridian, and its plane, as before, a tangent to 
the sphere, I wished to ascertain whether such were really 
the fact. The experiments, the results of which are given 
in the following table, left no doubt in my mind on the sub- 
ject. In making them, the instrument was adjusted, so that 
the index at K (Fig. i ) pointed to zero, that at G to 19'' 30^ 
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from Q towards S, and those at 0,0' to zero on the limb 
S^N, as in Fig. 2. The deviations for the several points of 
the plate are those observed when these points coincided 
with the southern or upper part of the secondary to the 
equator and meridian; and the direction of rotation is, as 
before, that of the edge of the plate nearest to the south pole 
of the sphere, 

IL Table of the deviations of a magnetic needle caused by the 
rotation of a circular plate of iron^ when its centre was in the 
secondary to the equator and meridian^ and its plane a tangent 
to the sphere : the distance as before 9.75 inches. Plate No, L 
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From these obi^ervations, combined with the preceding, we 
may infer, that if the centre of the plate were made to de- 
scribe any parallel of latitude, the deviation due to rotation 
would be nothing when the longitude was 0° or 180'', and a 
maximum when the longitude was go"" or 270% which is 
precisely the reverse of the absolute deviations that would be 
produced by the plate describing the parallel of latitude. 
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The next experiments which I made, were with the view 
of determining whether the rotation of the plate would pro- 
duce any deviation, when its plane coincided with the equator. 
For this purpose an axis was fixed perpendicularly on the 
arm of the instrument in such a manner, that, when the 
plate revolved on it, its plane was parallel to the limb. This 
is represented in fig. 5: AB is the arm, on the cylindrical 
part of which, B 6, is fixed perpendicularly to it the axis V v, 
on which the plate of iron, Cc, here seen edgewise, revolves. 
A, <2, are the two flat pieces, having an opening between 
them for the Hmb of the instrument; Z is the clamping 
screw, and Y y the circular rim to support the iron plate, 
w^hich are not seen in fig. 1. 

In order to make these observations, it was necessary to 
adjust the whole instrument twice ; since the deviations for 
the longitudes 90** and 270"* could not be observed with the 
same adjustment as those for the longitudes o** and 180^. 
For the longitudes 90^ and 270**, the axis of the instrument 
was horizontal and pointed east and west, as in fig. 3, and 
the moveable limb E AW revolved on the axis until its plane, 
and therefore also that of the iron plate, made an angle of 
90® 30^ with the horizon, rising tow^ards the north; so that 
the compass being elevated until the centre of the needle was 
in the plane of the plate, the plate was then in the equator. 
For the other longitudes, the axis of the instrument was 
inclined to the horizon at an angle of 19® 30', and in the 
plane of the meridian, as in fig. 2, and the moveable limb 
adjusted at right angles to the fixed one : the compass was 
then elevated to coincide with the plane of the plate. 

In these experiments the distance of the centre of the iron 
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from the centre of the needle was 13.2 inches; but as its 
edge was only 4.26 inches distant, the differences between 
the deviations corresponding to the several points on the 
plate were greatly increased ; and therefore, to obviate any 
inaccuracies that might arise, from the points not being 
brought into precisely the same situation when the plate 
revolved in the opposite directions, I increased the number 
of observations, making twenty-four for each position, 
namely, twelve points on the plate, as I have before de« 
scribed, the deviation for any point being observed when 
that point coincided with the line joining the centre of the 
plate and needle. The letters at the tops of the columns 
indicate the direction of rotation of the inner edge of the 
plate, or that nearest the centre of the needle. 
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These observations show very clearly, that when the centre 
of the plate is in the equator, and its plane also coincides with 
the plane of the equator, the deviation due to rotation is always 
nothing, since the small differences to be observed here in 
the revolutions in opposite directions are only such as may 
justly be attributed to slight errors in the adjustments of the 
centre of the needle or of the plane of the plate, which are 
almost unavoidable. With regard to the several deviations 
in the different columns, I should notice, that they are not 
those actually observed, but derived from them by subtract- 
ing the same number from all the deviations observed in two 
corresponding columns, so that they indicate the same dif- 
ference of deviations in the two revolutions as those actually 
observed, and therefore give the same deviation due to rotation. 
The necessity of this reduction arose from the circumstance 
of my having to adjust the compass to the proper height, so 
that its centre might be in the plane of the plate, while it was 
under the influence of the partial magnetism of particular 
points in the plate ; and having done this, when zero of the 
compass was brought to coincide with the point of the needle 
it was not necessarily in the magnetic meridian, since the 
needle was under the influence of this partial magnetism ; 
and as I* wished the deviations to be those from the meridian^ 
I reduced the observed deviations as I have mentioned. 

Being convinced that the rotation of the plate in the plane 
of the equator caused no deviation of the needle, I proceeded 
to determine the effects produced by its rotation in other 
planes. In the first set of observations which I made, the 
centre of the plate was in the meridian, and its plane perpen- 
dicular to the plane of the meridian and passing through the 
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centre of the needle. Before however making these, to 
avoid the necessity of moving the compass as in the last, I 
made a slight alteration in the instrument. Instead of having 
the axis on w^hich the plate revolved perpendicular to the 
arm, and the plate consequently parallel to the limb, this 
axis w^s inclined in such a manner that the plane of the plate 
passed through the axis of the instrument, as represented 
fig. 6 ; so that the axis of the instrument being horizontal, 
and passing through the centre of the needle perpendicularly 
to the meridian, as in fig. 3, when the arm of the instrument 
was adjusted to zero on the limb, the revolution of the limb 
caused the centre of the plate to describe the magnetic 
meridian, and at the same time the plane of the plate always 
passed through the centre of the needle. The distance be-* 
tween the centre of the plate and that of the needle was as in 
the last 13.^ inches. The observations are given in the fol- 
lowing table, where the letters above the columns indicate 
the direction of rotation of the plate's inner edge. 
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the meridian^ and its plane in the plane of a secondary to the meridian. 
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plane of the plate was vertical. 
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Here we find, directly contrary to what took place when the 
plane of the plate was a tangent to the sphere, that the devi-^ 
ation due to rotation increases from the equator to the pole 
where it is a maximum. In this case, howeveri as in the 
other, the deviations are very nearly equal at equal distances 
on each side of the equator; so that, as before, it appears 
that the horizontal needle was affected by the rotation of the 
plate, not according to the situation of the centre of the plate 
with respect to the poles and equator of the horizontal 
needle, but with respect to the poles and equator of an ima- 
ginary dipping needle passing through the centre of the 
horizontal needle* 

With regard to the direction of the deviation due to rota'- 
tion, it appears, that when the centre of the plate had north 
latitude, the north end of the needle deviated in the direction 
of the motion of the platens inner edge; and when it had south 
latitude, the north end deviated in a contrary direction to that of 
the inner edge of the plate, and therefore the south end devi- 
ated in the direction of the inner edgei so that, the end of the 
needle of the same name as the latitude, always deviated in the 
direction of the motion of the plate's inner edge. 

Let us compare this with the inference we have drawn 
from the observations in Tablq L viz. that when the centre 
of the plate is in the meridian, and its plane a tangent to the 
sphere, the north end of the needle, by the rotation of the 
plate, deviates in the direction of the motion of the south 
edge, and the south end in the direction of the north edge of 
the plate ; that is, either end of the needle deviates in a direc- 
tion contrary to that of the motion of the edge of the plate 
nearest to the pole of the sphere of the same name as that 

MDpccxxv. 3 C 
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end. Now, if from the position which the plate had in the 
last experiments, namely, its plane passing through the cen- 
tre of the needle, it be conceived to revolve about its dia-« 
meter, which is perpendicular to the plane of the meridian, 
until its plane be a tangent to the sphere, the direction of the 
revolution about this diameter being of the inner edge towards 
thepole of the same name as the latitude of the plate's centre, 
the inner edge will become the edge of the same name as the 
end of the needle, which, in its first position, according to 
our inference from the last observations, deviated in the 
direction of its rotation ; but according to the inference drawn 
from Table I. the end of the needle of the same name as this 
edge will^in the new position, deviate in a direction contrary 
to that of its rotation ; so that the rotation of the plate being 
in the same direction in both positions, the deviations by rota- 
tion will be in contrary directions in the two cases : and con- 
sequently, between the two positions, the plane of the plate 
must have passed through one in which the rotation would 
produce no deviation. If we conceive the plate to come into- 
the position of the tangent plane by revolving about its dia- 
meter in the opposite direction, that is, by the inner edge 
moving towards the pole of a contrary name to the latitude, 
the inner edge will become the edge of the contrary name 
to the end of the needle, which in the first position, deviated 
in the direction of its rotation ; and therefore that end of the 
needle will still continue to deviate in the same direction; 
that is, the direction of the rotation being the same in the 
two positions, the deviation by rotation will be in the same 
direction in both cases ; and consequently, between the two 
positions, either there is no position of the plane of the plate 
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in which the rotation will produce no deviation, or there are 
two, or some even number of such positions. 

I have not been able to determine in all cases experimen- 
tally the situation of the plane in which the deviation due to 
roitaif/o/t vanishes, or w^hether there may be more than one 
plane in which this takes place; but all the observations 
which I have made, confirm me in the opinion which I formed 
on comparing the preceding results, that when the centre of 
the plate is in the meridian, there is only one plane between 
the tangent plane and the plane passing through the centre 
of the needle in which the deviation due to rotation vanishes, 
and that that plane is parallel to the equator. 

Another conclusion which we may draw from these expe- 
riments compared with those in Table I. is this, that when 
the centre of the plate is in the meridian, and its plane per- 
pendicular both to the meridian and equator, then, supposing 
the plate always to revolve in the same direction, the devi- 
ation will always be in one direction, in whatever point of 
the meridian the centre of the plate may be ; for when the 
centre of the plate is in longitude 90®, latitude o, Table I. 
the plane of the plate has this position, and also when in lati- 
tude 90"^ S. and 90° N. Table IV. and with the same direc- 
tion of rotation, the deviation will be in one direction in these 
two cases. 

As I had already found, that, when the centre of the plate 
was in the secondary to the equator and meridian, and its 
plane a tangent to the sphere, the rotation caused no devi- 
ation of the horizontal needle ; it appeared to me, that there 
ought to be no deviation due to rotation when the plane of the 
plate was in any other plane perpendicular to this secondary. 
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To aseertain how iaJr my view^ were correct, or otherwise, 
I adjusted the plate on the arm as in fig. 6, the same as in 
the last experiments, and the instrument as in fig. 2 : so that 
the axis ^^Q being in the plane of the meridian and inclined 
to the horizon at an angle of 19® 30', the centre and plane of 
the plate were, during the revolution of the limb, always in 
the position I required. The distance between the centres of 
the needle and plate was as before 13.^ inches. The follow-- 
ing Table exhibits the observations which I made ; the letters 
at the tops of the columns indicate the direction of rotation 
of the plate's inner edge ; and the numbers in the first column, 
the points on the plate which coincided with the plane of the 
secondary, when the several directions of the north end of 
the needle in the same lines with them were observed. The 
observations were made at every 10'' of latitude, as in some 
^ases ther6 was an indication of deviation due to rotation. 
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Although the deviations due to rotation me here in some 
cmen greater thm niight perhaps on a first view be expected, 
if in the position in whic^h I have supposed the plate, its 
rotation would r^ly produce no deviation, yet the differ- 
ences are not in any ease more than may, I consider, he 
fairly attrihuted to errors in the adjustments. That the 
deviations, when the plate revolved from south to north, had 
a tendency most generally to be greater than when it re- 
volved in a contrary direction, as is evident by referring to 
the Table, appears at first sight more unfavourable to my 
Qpinion than the magnitude of the difference ; but pii further 
^consideration, I think tha|^ this will be pllowed rather to point 
out the source of the errors in the results, than th^ incorrect- 
ness of my views, and that #iesp errors a^ froiii the plane 
of tfee plate not being in those cases perpendicular to the 
plane of the secondary to the equatOT and meridian. The 
projcimity of ithe edge of the iipri tp t:he ^nds of the needle, 
varying from 5.16 inches to 4-^7 inches at the south end^ 
and from 5.16 inches to g. 92 inches at the north end, I con- 
sidered to be another source of eiror ; the inequalities arising 
fixma the effects of particular points near the edges of the 
iron on the ends of the needle being the more sensible when 
the distances are small All ray observationis were made as 
near to the centre of the needle as the instrument vrauld 
admit, in order that the effects of the rotation, since they 
were in many cases extremely small, might be the more 
sensible ; and by this means I discovered the nature of the 
efFects produced on the needle by the rotation of the plate; 
but I am fully convinced, that for the purpose of eora paring 
the results of observation with the cx)nGkisions from theory, 
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it is always desirable, that the observations should be made 
when the iron is at such a distance from the centre of the 
needle, that the effects of particular points, near its edges, on 
the ends of the needle are nearly insensible. Taking these 
circumstances into consideration, I was quite satisfied from 
these experiments, that, if the centre of the plate be in the 
secondary to the equator and meridian, and its plane per- 
pendicular to the plane of that circle, the rotation of the 
plate will produce no effect on the absolute deviations caused 
by the mass. 

In order to determine what effects would be produced by 
the rotation of the plate when its centre was in the secondary 
to the equator and meridian, and its plane in the plane of this 
circle, the instrument was adjusted as in fig. 1. the index at 
^pointing to 70*" 30'; the limb S^N was then placed at 
right angles to S Q N, and the arm A B attached to it with 
the iron plate on the axis as in fig. 5 ; and that the centre of 
the needle might be in the plane of the plate, the compass 
box was moved in the direction of the meridian. 

Some of my first observations were made with the centre 
of the plate in the equator, and I immediately found, that the 
deviation due to rotation, instead of being o, as in the cases 
when the plate revolved in the planes at right angles to its 
present position, was here considerable ; and also that, that of 
the south end of the needle was in the direction of the upper, or 
south edge of the plate, contrary to what had been observed 
in the same plane at the pole (Table IV. lat. 90""). This in- 
dicated that there must be, at least, one point in this circle 
on each side of the pole, where the deviation due to rotation 
was o ; and to determine nearly the latitude of this point, I 
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made observations at every 10*^ deg^^^ on each 

side of the south pole^ Before, however, giving these obser- 
vations, it is necessary that I should state the kind of rehance 
I place on them as forming a coinplete set In order to make 
the observations near the pole, it was necessary to adjust the 
instrument as in fig. 3. and after having made the complete 
set, I suspected that, in the change from the one adjustment 
to the other, the centre of the plate had been nearer to that 
of the needle in making the observations near the equator, 
than those near the pole ; and that consequently, ^m deviations 
due to ToMia/^ in the former case, were pibpdiHi too 

great. I was confirmed in this suspicion on comparittg these 
observations with those which I had, in the first instance, 
made in lat o* and in lat. 90°; and still further on comparing 
them with others, which I subsequently made at the several 
distances 15,17^ Id? so inches; in the corresponding situ-- 
ations. For example, in my first observations, the deviations 
due to rotation in lat. o^ long, o"", and in lat. o'' long. iSo"" 
were 3"" 10', and 3"" i4v giving a mean 3"" 19! in lat o ; and in 
lat. 90 S, i'^ 31'; when the centres of the plate and needle 
had been carefully adjusted to the same distance 13.2 inches, 
in the two cases ; whereas the corresponding deviations in 
the table are 3° 43' and 1° ^9^ ; and, by subsequent obser- 
vations, I found the sum of the deviations at the distances 
15, 17, 19 and 20 inches to be in these two cases, 7"" 20' and 
s"" 32', to which 3^ 12' and i"" 31' are very nearly propor- 
tional. As however these differences do not in the least 
affect the conclusions which I at the time drew from this set 
of observation, and they were all made immediately folio w- 
each other, I prefer giving them as a complete set for the 
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purpose of illustration ; they are contained in the following 
Table. The numbers in the first Golumn indicate the points 
on the plate which coincided with the line joining the centres 
of the plate and needle, when the several observations of 
the directions of the north end of the needle were made. Of 
the letters at the tops of the columns, the uj^er ones indicate 
the direction of rotation of the south, or upper edge of the 
plate, with respect to the points in the horizon; and the 
iower ones, the direction of the inner edge, or that nearest the 
axis, with regard to the poles of the sphere ; the letters at 
the bottoms of the columns indicate the direction of the depi-^ 
ation of the south end of the needle rf^f to rotation. 
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It appears, from these observations, that, when the plate 
revolves in the plane of a secondary to the equator and 
meridian, 

1st. The deviation due to rotation is a maximum w^hen the 
centre of the plate is in the equator. 

2d. It decreases as the plate approaches the pole, and is o 
between the latitudes 50° and 60"", apparently very nearly at 
55° ; and from this point it increases till it attains a maximum 
in a contrary direction at the pole. 

3d. At the south pole and on each side down to the lati-- 
tude 55"*, the deviation of the south end of the needle, due to 
rotation, is in the direction of the north, or lower edge of the 
plate : or, from the south pole down to the latitude 55", the 
south end of the needle moves towards the plate, when the 
inner edge of the plate moves from the south pole, and from 
the plate when the inner edge moves towards the south pole. 

4th. From the equator towards either pole as far nearly 
as the latitude S3^, the south end of the needle moves in the 
direction of the south edge of the plate; that is, it moves 
towards the plate when the inner edge of the plate moves 
tozvards the south pole, and from the plate, when that edge 
moves from the south pole ; also the north end of the needle 
moves towards the plate, when the in?ter edge moves towards 
the north pole, and from the plate, when that edge moves 
from the north pole. Consequently towards whichever pole 
the inner edge moves, the corresponding end of the needle 
will move towards the plate from the equator to the latitude 
of ss"" nearly, and the contrary will take place from the lati-- 
tude 51^" to the pole. 

The observations which I made with the plate on the north 

MDCCCXXV. 3 D 



s8o Mr. CnRiBrm on the magnetism of 

side of the equator, though not so multiplied as those on 
the south, were sufficient to show, that the deviations due to 
rotation observed the same laws on that side of the equator 
as I had noticed on the south side. 

The deviation due to the rotation of the plate ^ when its cen- 
tre is in the secondary to the equator and meridian, having 
a peculiar character, namely, two greater maxima when the 
centre is in the equator, two less maxima, in a contrary 
direction, when the centre is in either pole, and four points 
where it vanishes, I consider to be particularly well adapted 
for forming an estimate of the correctness of any theory 
which may be adopted for the explanation of the phsenomena 
in general ; since the theory must be perfectly compatible 
with these peculiarities, before it can be applied to the expla- 
nation of the less marked phsenomena. 

As it appeared from these observations, that the point 
where the deviation due to rotation vanishes, is not far from 
lat, 55*", the complement of which, 35% is nearly half the angle 
of the dip, I wished to ascertain whether the deviation were 
really o in latitude 54"" 45', which I considered to be correctly 
the complement of half the dip vo"" 30', although I could not 
see how the angle which the plane makes with the horizon 
could have an influence on an angle in the plane itself. The 
following observations show, that in this instance the devi- 
ation due to rotation vanishes, or nearly so, when the polar 
distance of the centre of the plate is equal to half the angle 
which the dipping needle makes with the horizon. Whether 
this coincidence is purely accidental, or is a necessary conse- 
quence of the manner in which the effect is produced, must 
remain doubtful, until it can be shown how the action takes 
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place ; it, however, led me to ascertain precisely the point at 
which the deviation due to rotation vanishes 

VII. Table of the deviations of a magnetic needle caused by the rotation 
of a circular plate of iron when the centre and plane of the plate were 
in the secondary to the meridian and equator;, and its centre in latitude 
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General law of the deviation due to rotation deduced from the 

experiments. 

Having now ascertained the nature of the effects produced 
on the horizontal needle by the rotation of the plate in diffe- 
rent planes, I endeavoured to discover some general lavi^, ac- 
cording to v^^hich the direction of the deviation depended on 
the direction of the rotation of the plate ; so that the situation 
of the centre of the plate, the plane in which it revolved, and 
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the direction of rotation being given, we might point out 
immediately the direction in which the deviation would take 
place* 

On comparing together all the facts which I have detailed, 
I found that this might be effected in the following manner, 
I refer the deviations of the horizontal needle to the devia- 
tions of magnetic particles in the direction of the dip, or to 
those of a dipping needle passing through its centre ; so that, 
in whatever direction this imaginary dipping needle would 
deviate by the action of the iron, the horizontal needle would 
deviate in such a manner as to be in the same vertical plane 
with it : thus, when the north end of the horizontal needle 
deviates towards the west, and consequently the south end 
towards the east, I consider that it has obeyed the deviation 
of the axis of the imaginary dipping needle, whose northern 
extremity has deviated towards the west and its southern 
towards the east ; so that the western side of the equator of 
this dipping needle has deviated towards the south pole of 
the sphere, and its eastern side towards the north pole. It 
would follow from this, that if the north and south sides of 
the equator of the dipping needle (referring to these points 
in the horizon) deviated towards the poles, no corresponding 
deviation would be observed in the horizontal needle; the 
effect, in this case, taking place in the meridian, would only 
be observable in the angle which the dipping needle made 
with the horizon. As it is not my intention at present to 
advance any hypothesis on the subject, I wish this to be con- 
sidered only as a method of connecting all the phsenomena 
under one general view. Assuming it then for this purpose, 
it will be found that the deviations of the horizontal needle dm 
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to rotation are always such as would be produced by the sides 
of the equator of this imaginary dipping needle deviating in direc- 
tions contrary to the directions in which the edges of the plate 
move, that edge of the plate nearest to either edge of the 
equator producing the greatest effect on it. By referring to 
the particular laws which I deduced at the time of making 
the experiments in different planes, it will be seen that they 
are all comprised under this general law ; but this will be 
rendered more evident by taking an instance. 

When the centre of the plate is in the meridian, and its 
plane a tangent to the sphere, the eastern side of the equator 
of the imaginary dipping needle, according to the above law, 
will deviate in a direction contrary to that of the motion of 
the eastern edge of the plate, and consequently the northern 
extremity of the axis will deviate in a contrary direction to 
that of the motion of the plate's northern edge, or it will 
deviate in the direction in which the southern edge of the 
plate moves. Hence the horizontal needle obeying the 
deviations of this dipping needle, the deviations of its north 
end due to the rotation of the plate will be in the direction in 
which the south edge of the plate moves, which is the law 
deduced from the experiments. Table 



Experiments with the dipping needle. 
Having found, in all the experiments which I have de-. 
scribed, that the effects produced on the horizontal needle 
depended on the situation of the plate with respect to the 
axis and equator of an imaginary dipping needle passing 
through the centre of the horizontal needle, my next experi- 
ments were undertaken with the view of ascertaining whether 
the effects produced by the rotation of the plate on the dipping 
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needle itself corresponded with those which I had observed 
on the horizontal needle. In making these it was necessary 
to adjust the dipping needle on a stand detached from the 
instrument, on the arm of which the iron plate revolved, on 
account of the diameter of the case of the dipping needle 
being greater than the distance sn { fig. i ) . It was there- 
fore only in particular positions that I could observe the 
deviation caused by the rotation of the plate. This however 
was of the less importance, since, as I expected that the de- 
viations of the dipping needle would be less than those of the 
horizontal needle nearly in the ratio of sin. 19'' 3 o' to 1, it 
was only in the cases in which they were the greatest that I 
was likely to have been able to observe them. 

As the dipping needle, when in the position of the dip, 
could only vibrate in the plane of the meridian, no effect 
corresponding to the deviations of the horizontal needle could 
be observed, either when the centre of the plate was in the 
intersection of the meridian and equator, and its plane per- 
pendicular to the planes of these circles, or when the centre 
of the plate was in the secondary to the meridian and equator, 
and its plane in the plane of this secondary. In order there-« 
fore to ascertain the deviations of a needle suspended freely 
by its centre of gravity, corresponding to those of an hori- 
zontal needle, when the plate had those positions, and which 
I considered to be the principal points to be determined, it 
was necessary to observe the effect produced on the dipping 
needle when the centre of the plate was in the equator and 
exactly east or west of the centre of the needle, and its plane 
parallel to the plane of vibration of the needle ; and also 
when its centre and plane were in the plane of vibration. 

In making these observations, the instrument was adjusted 
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as in fig. 1, the compass being however removed ; the indexes 
at o, o^ were brought to M, ce, on the moveable limb, and 
that hmb was placed at right angles to the fixed limb, so that 
the plane of the plate was parallel to the magnetic meridian. 
The dipping needle was then placed as nearly as possible in 
the required position, and the levels being carefully adjusted, 
the needle was made to vibrate freely and left to settle. After 
the plate had been made to revolve several times in the same 
direction, the point marked o was brought to coincide with 
the upper part of aline parallel to the magnetic axis ^ and 
passing through the centre of the plate. The needle was 
then slightly agitated, or made to vibrate through a small 
arc ; and when it settled, the dip was noted both at the upper 
and lower extremity, or the south and north end of the 
needle. This was repeated for the points marked 60, 120, 
180, 240, 300. The plate was now made to revolve in the 
contrary direction, and similar observations made of the dip 
of the needle when the several points 300, 240, 180, i20j 60, 
o, coincided with the upper part of the hne parallel to the 
magnetic axis. Continuing the revolution of the plate in this 
direction, a second set of observations of the dip were made 
for the several points from 300 to o. After this, the plate 
was again made to revolve in its first direction, and a second 
set of observations made of the dip for the points from o to 
300. I considered the mean of all the observations in the 
two sets, when the plate revolved from o to 300, as the mean 
dip when the plate revolved in this direction ; the mean of 
all the observations in the two sets, when the plate revolved 
from soo to o, as the mean dip when the plate revolved in 
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this direction; and the difference between these mean dips as 
the deviation due to the rotation of the plate. 

As I had experienced that the dipping needle, even when 
of the best construction, was an instrument from which accu- 
rate results could only be obtained by taking a mean of a 
great number of observations, I was aware that, by making 
only two for each point of the plate, I was liable to an error 
in the observations for each point taken separately, but this 
I considered would be counteracted in taking the mean for 
all the points; so that the mean results could not err far 
from the truth. The dipping needle which I made use of 
was a very good instrument, by Jones, of Charing Cross : the 
needle, made according to Captain Kater's construction, con- 
sisted of two arcs of a circle ; its length was 7 inches. The 
plate was the same I had used in the experiments with the 
horizontal needle. 

For the better distinguishing of the edges of the plate and 
the direction of its rotation, I conceive two planes^ at right 
angles to each other to pass through its centre; one, the 
plane of the equator or a plane parallel to it, which I call the 
equatorial plane ; the other, the plane of the secondary to the 
equator and meridian, or a plane parallel to this secondary, 
which I call the plane of or parallel to the axis. The inter- 
sections of the first plane with the edges of the plate, I call 
the equatorial north and south edges; and the intersections 
of the second, the polar north and south edges. 

In the following table, the numbers in the first column in- 
dicate the point on the plate which was in the polar south ; 
the inclinations of the needle corresponding to these positions 
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of the plate are in the following columns, which are in pairs, 
the one showing the inclination indicated by the southern 
extremity of the needle, the other, that by the northern. 
Above the pairs of columns, is indicated the direction in which 
the upper or polar south edge of the plate revolved, with re- 
ference to the points in the equator, and also the direction in 
which the equatorial south edge of the plate revolved with 
reference to the polar points in the plane of the axis. Under 
the columns, are the mean inclinations of the needle when 
the plate revolved in opposite directions, and below these, the 
mean deviation due to rotation. 

VIII. Table of the inclinations of the dipping needle when the centre of the plate 
was in longitude 0°, latitude (f^ and its plane parallel to the meridian ; so that 
the axis of rotation of the plate was the same as the axis of vibration of the 
needle: the distance of the centre of the plate from that of the needle being 
9.5 inches. Plate No, I. 
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From these observations it appears that, in this position of 
the plate, the deviation of the upper, or south emi of the needle^ 
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due to rotation, was in the direction in which the north or lower 
edge of the plate revolved, and the deviation of the north or 
lower end of the needle, in the direction of the rotation of the 
upper or south edge of the plate. It would follow from this, 
that if a needle could be suspended freely by its centre of 
gravity, and the centre of the plate were in longitude 90°, 
latitude o^, and its plane at right angles to the meridian ; 
then also, the deviation of the south end of the needle due to 
rotation, would be in the direction of the north or lower edge 
of the plate, and the deviation of the north end, in the direc- 
tion in which the south or upper edge revolved ; which are 
precisely the directions of the deviations of the horizontal 
needle in this position of the plate. (See Table I.) 

The law which I have shown to obtain in all the experi- 
ments on the horizontal needle, viz. that the sides of the 
equator of the imaginary dipping needle always deviated in 
directions contrary to those in which the corresponding edges 
of the plate moved, I had derived previously to having an 
opportunity of making any experiments with the dipping 
needle : a comparison of the above results with this law will 
more fully illustrate its nature, and at the same time show 
their perfect accordance. In making this comparison, it is 
necessary to notice that, an increase of the dip of the needle, 
corresponds to a deviation of the southern edge of its equator 
towards the south pole, and of the northern edge towards the 
north pole ; and on the contrary, a diminution of the dip cor- 
responds to a deviation of the southern edge of the equator 
towards the north pole, and of the northern edge towards the 
south ^o\e. Now, when the equatorial south edge of the 
plate revolved towards the polar south, and consequently the 
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equatorial north edge towards the ^o/ar north , the inclination 
of the needle was diminishedhj the rotation ; that is, the south 
edge of its equator deviated towards the north pole, and the 
north edge of its equator towards the south pole ; or the edges 
of the equator, by the rotation of the plate , deviated in directions 
contrary to those in which the edges of the plate moved. The 
same conclusion evidently follows from the observations 
when the equatorial south edge of the plate revolved towards 
the polar north, the dip being here increased by the rotation 
of the plate. 

The next observations which I made, were of the inclina- 
tions of the dipping needle, when the plane of the plate was 
in the plane of the meridian or plane of vibration of the dip- 
ping needle. 

IX. Table of the inclinations of the dipping needle^ when the centre of the plate 
was in longitude 90°, latitude 0°, and its plane in the plane of the meridian^ or 
plane of vibration of the dipping needle ; the distance of the centre of the plate 
from that of the needle being 13.3 inches. Plate No. L 
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From these observations it appears that, the plane of the 
plate being in the plane of vibration of the needle, and its 
centre in the equator, the deviation of the upper or south end 
of the needle, due to rotatioUy was in the direction of the rota« 
tion of the upper or south edge of the plate, and of the north 
end in that of the north edge ; and we may therefore conclude, 
that if a needle could be freely suspended by its centre of 
gravity, and the centre of the plate were in the equator, and 
its plane in that of the secondary to the meridian and equa« 
tor, the deviation of the south end, due to rotation, would be in 
the direction in which the south edge of the plate revolved, 
and of the north end, in that in which the north edge revolved ; 
wh'ch, again are precisely the directions in which we have 
seen, that the horizontal needle deviated by the rotation of 
the plate in this position. 

X. Table of the inclinations of ike dipping needle , when the centre of the plate 
was in latitude 9(f South, and its plane in the plane of the meridian, or plane 
oj^ vibration of the dipping needle ; the distance of the centre of the plate from 
that of the needle being 13.3 inches. Plate No. L 
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* In these observations the edge of the iron plate was not an inch from the south end of the 
needle; so that a very small error in the position of the plate's centre will account for the dip in 
both directions of rotation being greater than 70° 15'^ the true dip. 
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Here, contrary to what took place when the centre of the 
plate was in the equator, the deviation of the smth end of 
the needle is in the direction in which the lower or north edge 
of the plate revolved ; and we may therefore infer, that the 
same would be the case if a needle were suspended freely by 
its centre of gravity, and the plane of the plate were in the 
plane of the secondary to the meridian and equator, its 
centre being in latitude 90"" S : which also agrees exactly 
with the directions of the deviation of the horizontal needle, 
due to rotation, in this position of the plate. 

It is evident from these different experiments with the 
dipping needle, that whatever may be the peculiar effects 
produced on the iron by its rotation, the deviations of the 
horizontal needle, due to the rotation, are of the same nature 
as those that would arise by referring the deviations of the 
dipping needle to the horizontal plane- 

Further observatiom with the horimntal needle. 

Although, in order to point out the particular laws accord- 
ing to which the rotation of the iron causes the needle to 
deviate in particular situations of the plate, and to deduce a 
general law by which the direction of the deviation might in 
all cases be determined from the direction of rotation, I have 
been under the necessity of entering into such a detail of the 
experiments, as has already extended this paper beyond the 
limits to which I wished to confine it, I yet think it may not 
be uninteresting to enquire, how far the adoption of parti- 
cular hypotheses may enable us to account for the several 
phsenomena wtiich I have observed, 

I have already stated, that I considered that the deviations 
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arising from the rotation of the plate, when its centre and 
plane are in the secondary to the equator and meridian, are 
those best adapted for forming a comparison with the results 
obtained from theory. In Table VL I have given a series of 
such observed deviations; but as I was not quite satisfied 
that in making these observations there had not been some 
small inaccuracies in the different adjustments, when the 
centre of the plate was near the equator and when near the 
pole, I should not on this ground have considered a compa- 
rison with them as altogether conclusive with respect to the 
correctness of any theory. In repeating these experiments, I 
increased the distance of the centre of the plate from that of 
the needle, as, in order to simphfy the calculations, it would 
be necessary to neglect certain terms, which would be the 
greater the less was this distance, and consequently if it were 
increased, the neglecting these terms would the less affect the 
results of the calculation as compared with the observations. 
The following Table contains a series of observations similar 
to those in Table VI, but having the centre of the plate re- 
moved to the distance i6 inches from the centre of the 
needle. In making them, the most scrupulous attention was 
paid to the different adjustments, so that I can place entire 
confidence in the results. 
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wntre was in the secondary to the equator and meridian^ and plane 
(stance of the centre of the plate from the centre of the needle being 
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Considering the centre of the plate to have been in 
of the deviations in the several latitudes, I obtain the 
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A. Table of the easterly deviations of the needle^ when the centre of the plate was in lon^ 

in opposite directions. 
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Tw^o sets of observations which I had made more than two years before, had given me 1 
deviations might have been affected by the proximity of a mass of iron, of v^hich I was not 
to repeat them in a situation where no such influence could be exerted, although I did not 

B. Table of the mean easterly deviations of the needle, when the centre of the plate was in longitut 

directions ; deduced from two sets of observations made in '. 
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Theoretical Investigations. 

It has in general been considered that the different devia- 
tions of the horizontal needle, arising from the action of soft 
iron on it in different positions, can only be accounted for on 
the supposition, that the iron is polarised by position, the 
upper part being a north pole, and the lower a south one, 
each pole of the iron attracting the pole of the needle of the 
same name, and repelling that of a contrary name : but if 
we suppose that each particle of the iron simply attracts in- 
differently either pole of a magnetic particle, and refer the 
attraction of the iron to its centre, then if the angular devia- 
tions of a magnetic particle in the centre of the needle and 
in the line of the dip, arising from such attraction, be reduced 
to the horizontal plane, these reduced deviations will agree 
with the actual deviations of the horizontal needle. In in- 
vestigating theoretically the effects that are produced by the 
rotation of a plate of iron, I will first suppose, that, inde- 
pendently of rotation, the iron acts in this manner, and that 
by the rotation it becomes polarised in a direction, making a 
certain angle with the magnetic axis, since from such a 
polarising of the iron, the law which I have shown to include 
all the phsenomena, would evidently result. On this suppo- 
sition, each pole of a magnetic particle in the centre of the 
needle would be urged by an attractive force towards the 
centre of the iron plate, by an attractive force towards the 
pole of a contrary name, and by a repulsive force from the 
pole of the same name in the iron. 

Suppose now that the centre and plane of the plate are in 
the secondary to the meridian and equator, that its centre is 
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to the west of the needle, or in longitude 180° ; and in south 
latitude, as in the observed deviations in Tables A and B, 
and that its upper edge revolves from east to v^est. Take 
the centre of the needle as the origin of the rectangular co- 
ordinates, the axis x being horizontal, and towards the west, 
that of z upwards, in the direction of the magnetic axis. We 
will indicate the north end of the magnetic particle, in the 
centre of the needle, on which the iron is supposed to act, by 
N, its south end by S : the north end of the line joining the 
poles in the plate by v, its south end by <r, its centre by y. 
Let the co-ordinates to the centre of this line be a, b ; to its 
north end a^, b,; to its south end a^, b^; and let 4^ be the 
angle which this line makes with a line passing through its 
centre, and parallel to the axis z. Also let r be half the 
length of the magnetic particle in the centre of the needle. 

Since the effect of any force to turn the particle SN will 
be the same, whether it be supposed to act on N in a given 
direction, or on S in the contrary one, we may refer the 
action of the mass of the iron, and likewise the actions of its 
poles, wholly to the end S. Calling then m, the magnetic 
force of the earth acting in the direction of the dip ; F the 
force of the mass of the iron, and /that of one of its poles on 
S, at the unity of distance ; also the sum of all the forces on 
S resolved in the directions x and z, X and Z, we shall have 

+/' {^.- (sT? + W^-^^^^ (s73 + w;']} 

■ \ Sy3 Is[y3 

fh-'^r b +r h ^r *+r\ 

4. f { JL , JU - ^ ^ I 

~J *\Sv^ ~ N*3 — s^? "NV"y 



JL 
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If (p^ be the angle which, in consequence of these forces, the 
magnetic particle makes with the axis ^, or line of the dip, 
that is, its angle of deviation towards the west, we shall have 

Tan. (f>^ = ^ (i ) 

Let now x be the latitude of the platens centre ; R the radius 

of the circle in which the centre of the plate is made to move, 

that is, its distance from the centre of the needle ; p, half the 

distance between the poles in the iron plate : then 

a =Rcos. X, b =:Rsin„x; 

% = R cos. X + p sin* t|/, b^ = R sin. x + p cos. -i^ ; 

ay = R cos. X — -p sin. 4^, b^ = R sin. x — p cos. -i/ ; 

Sy^ = R^-f r" — sRrsin. x, Ny^ = R^ + r^ + 2 Rrsin. x; 
S/ =:R^ 4. r®4.p«_2 Rp sin. (4;4.x)-«2r(Rsin.x-- p cos,^^); 
Ny^ = R^ 4. r^4- f— 2 Rp sin. (%}/ + x) -+ 3 r (R sin. x— p cos. ■4^) ; 
S 0^ = R^ 4- r^4.p^4. 2 Rp sin. (^{/ + x)— 2r(^ sin. x -4p cos. %I^); 
N(r'=:R' + r'4.p*4- 2 Rp sin. (x{/ 4-x)+ 2r(Rsin.x +p cos.%|/). 
Substituting these values in the expressions for X and Z, ex- 
panding the several fractions, and neglecting the terms in 
the series after the third, on account of r and p being small 
compared with R, the equation ( 1 ) will become, 

^ ' 3 sin. % COS. ^ + ™ \ 3 sin. {\ + a) . cos. A «. sin. ^\ 

Tan. (p'=== .^-.~-~-~— ~_-i^ — ^ _L_ ( 2 ) 

-p~ + 3 sin.*A— 1+ Y-^ < 3 sin. {^ +a) . sin. a — cos. -4^ > 

If we call ^^ the angle of deviation of the magnetic particle 
when the plate revolves in the opposite direction, that is, its 
upper edge from west to east, we shall have 

3 Sin. A COS. A — -p— . j 3 sin. (4/ — A) . COS. A~sin. 4. f 

Tan. <p=^^R, — ~r -rrrv — "~~~ H ^^^ 

"p^ + 3 sin.* A -*-. I — r~ I 3 sin. (4^ —a) . sin. a + cos. 4. > 

MDCCCXXV« 3 F 
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Also if ^ is the angle of deviation of the magnetic particle 
due to the mass alone of the iron, then 

■ 3 sin. h COS. A / X 

tan (p = ^^^f— ^^ (4), 

~— . + 3 sm.*A — I 

Since when the rotation of the iron produces no effect, 

(p^ z= (p xssi (p we must have in this case, 

3 sin, (4^ -f ?^) « cos, x — sin, 4^ . 3 sin. (^ .-^ a) . cos, x — sin. 4^ 
JsmTi^ + a) r sin. x — cos.^ 3 sin. (4/ — x) . sin, x + cos. •^' 

whence 

sin. ^ . cos. \I/ = o. 

The value of 4^ which satisfy this equation are 0"", 90% iSo^^ 
£70®; and since o*^ and 180'' would in all cases give <p'=(p^ 
these must be excluded; also \|/ = 27o'' would merely give 
the same value for <p' which ^}/ = 90"* would give for (p^, and 
vice versa ; consequently we have ^ = 90"", 

If now we reduce the deviations (p\ <p, ^^, of the magnetic 
particle in the line of the dip, to the horizontal plane, and 
call the corresponding horizontal deviations 6', 6, Q^, and the 
angle of the dip^; then since tan. (p ==: cos. S tan. d, and 
-^ = 90"^, the equations (2), (3), (4) will become 

% sin. 2^-1- -t; — • (% COS. 2 A 4. l) 
rr^ tit ^ ^^ / \ 

I d Tl Fl ■■•"""""" MWMiaaMB • •" ^■ ' ■^" ■ «" * ' «i « »«ii » W illi.. . 1 . i. —^-.^ . — .■■-...... I . I . ,, i.iiii-i.ii I t' \ 

cos.^ _^ -(3Cos.2A«» 1)+.^. 3 sin. 2A 

I 3 sin. 2A— — • (3 COS. 2 A 4- I) 

tarn — a^BBM«*iMB^ JL f J ^^ 

COS.^ 2mR3 . . 2fp . i^ 

— (3 COS. 2A— i)— -.^^ 3 sm. 2 A 
F r F r 



X an, 6- 



Ton fl _._L_ 3 sm. z A . . 

-—_«„«-.( ^ COS. 2 A-— I ) 

Fr ^^ ^ 

The angles 0' 6, 6 , are the horizontal angles of deviation of 
the south end of the magnetic particle towards the west ; so 
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that the centre of the plate being to the west of the needle 
or in longitude ISC'", the deviation of the north end of the 
horizontal needle ought to be towards the east^ which agrees 
with the observations. 

Having determined from observation the value of A when 
the rotation of the plate produces no effect, and the corre- 



sponding value of d, we may determine the value of 2.^— , in-« 
dependently of/p ; and the value of -^ may then be deter- 
mined from the observed values of 6' and 0^ when x = o or 90^. 
Substituting these numerical values for ^-^^ ^^nd ^ in the 

equations (5) and (6), we may deduce the values of d' and fi 
corresponding to different values of x, and compare them 
with those actually observed. 

From Tables A, B, and also Table VII, it appears that the, 
deviation due to the rotation of the plate vanishes when the 
latitude of its centre is very nearly 54"" 45', or as nearly as 
can be determined v/hen 3 cos, 2 x + 1 = 0, in which case 
x = 54^* 44' 08'^ We shall therefore have from Table A, 



Tan, 9^ 09^ io^^=_..J^ l^^J^JLl^ . 

*^ "^ COS. 70° 15' zmR^ 

Ft 

Whence i|^ = 49.9504 = 50 very nearly. 

When X = o, tan. 6' = -^^ . — ^^IL^ ; and since ^=47' ^ f 

Fr 

and l== 70^ 15', we obtain ^ = .056524. 



Fr 



2. 



^fp 



Also when x = 90"", tan. 6' = ~-l-. . ^^ ; where 

— — — -|- ^ 

=— Ss' 35"; so that, ^ = .059494. 
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Taking a mean of the two values, we shall have, 

^i.= .058009 = .058 very nearly. 
The equations (5) and (6) therefore become, 

rp Ai I 3 sin. 2^ -f- .058 X (3 COS. 2 ^ 4- i) a i. 

ian.tr COS. 70^ 15' * 51 — 3 COS. 2 ^ -I- .058 x 3 sin. 2 X v5^J5 

T f) ^ 3 sin. 2^»— .058 X (3 COS. 2^ -f i) f fi \ 

lan. y^ 008.70^15'' 51 — 3COS.2^ + .058 x 3sin. 2A \ a^' 

From Table B, we shall in the same manner obtain 
~ — =: 46.0278 = 46 very nearly ; 

^=.054571, when x = o, and ^ = .060986, when x=9o; 

so that the mean value of ^ is 0.57778 or ,058 nearly, the 

same as before. 

The equations (5) and (6) in this case become, 

COS. 70° 15' 47 — 3 COS. 2 A -f. 058 X 3 sin. 2^ \^b^^ 

'Yan Q = L X 3sin. 2A-.-.058 x ( 3 co s. 2x4- / ^ x 

/ COS. 70^ 15' 47— 3 COS. 2 A — . 058 X 3 sin. 2 A \^/^/* 

We will first compare the situations of the points where 
the deviation due to rotation vanishes, as deduced from these 
equations, with the situation as determined by actual obser- 
vation. 

When the deviation due to rotation vanishes 6' = 6 = 6^; 
we shall therefore have from equations (5^) and (6 J 

3 sin. zx 3 COS. 2 A + I 

51— '3 COS. 2 A 3 sin. 2 A ' 

whence cos. a x = — • ,2800000 and x = 53** 07' 48''. 
The equations (5^) and (6^) give 

3 sin. 2 X ^ 3 COS. 2 X + I ^ 

47 — 3 COS. 2 A 3 sin. 2 A ' 

whence cos. 2 x = — .2753623 and x = 52'' 59' so''. 

Now I have uniformly found, in repeated observations 
which I have made at different distances, that when the centre 
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of the plate was in latitude 54** 45\ the rotation produced 
so little effect, that only in one instance did the mean values 
of 6' and 6, differ by a minute ; and therefore cannot but con- 
clude that 54** 45 is, as nearly as can be ascertained by obser- 
vation, the true value of x when 6^ == 6^, and that the value 
of X as determined by the theory differs from its value derived 
from observatien by if'' or i|°. 

Let us now compare the values of 6', 6, and 6' — 6^, deduced 
from the equations (5 ), (6 J, (5^) (6^), for different values of 

X, with those actually observed. This comparison is made 
in the following tables, where I have computed the values of 
6' and 6^ to seconds, not that either the observed or computed 
values can be determined to such a degree of accuracy, but 
because the omission of the seconds might in some cases 
affect the value of 6' — 6^ by more than a minute. 



Table of the values of 9'^ 9, and 9' — 9^, computed from the equations (5 J, (6^) 
compared with their mean observed values in Table A. 
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Table of' the values of^% 6^ and 6' «— 6^ computed from the equations (5^)^ (6^ 
compared with their mean observed values in Table B. 
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The differences here between the observed and computed 
values of 6' and 6, are. not greater than might possibly arise 
from slight errors in the adjustments of the plate and com- 
pass in the several positions, and their agreement is I think 
sufficiently near to prove that the principle which I have 
assumed, namely, that the attraction of the mass of the iron 
may be referred to its centre, and on which the most consi- 
derable of the terms in the formulae depend, will account for 
the phenomena independent of the rotation of the iron. Al« 
though the differences between the observed and computed 
values of 6^ — 6 , or of the deviation due to rotation, are abso- 
lutely less, yet they are relatively greater ; but their general 
agreement is such, that we can have little doubt of the devi- 
ations due to the rotation of the iron being, in all cases, nearly 
the same as would arise from such a polarising of the iron, 
as we have supposed. We shall however form a better esti- 
mate of the agreement between the results of the theory and 

observation, by eliminating .—7- from the equations (5) and 
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(6), and deducing the value of — in terms of 6' and 6,, and 

depending principally on 6'— -6^, or the deviation due to rota-- 
tion, on the accuracy of the values of which in Table B, I 
place much greater reliance than on those of the absolute 
values of 6' and 6^. In this manner we obtain 

= ^urir^ ' l^-^l^^ . sin. (6'+ 6j ~ s cos. Isin. 6' sin. 6, 

sin. (Q— »0) 4 n sm. zk \ ■ // ' 



5 sm. 2 ?^ 



in which the observed values of 6' and 6^ corresponding to 
any value of A, being substituted^ ought in all cases to give 

the same, or very nearly the same numerical value for 
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Table of the values of — - computed Jrom the several observed values 
of¥ and^^^ in Tables A and B, corresponding to different latitudes. 
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The values of --Tr- which differ most from the mean, are, in 

both eases, those corresponding to the values of x, 50^ and 
60'' ; that is nearest to and on contrary sides of the point where 
^' — 6^ = o, which again shows clearly, that the theoretical 
determination of this point does not agree with the observa- 
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tions : and although the results of the theory agree in gene-^ 
ral very nearly with the observations^ and the differences 

in the other values of — ^ are not greater than might possibly 

be attributed to errors of adjustment or observation, how- 
ever little I may be disposed to admit the existence of errors 
to this extent, yet the uniform manner in which these values 
decrease, indicates that the effects are not produced in pre- 
cisely the manner we have supposed. In one point our 
theory is unquestionably at variance with the actual circum- 
stances of the case ; for we have supposed that no partial 
magnetism exists in the iron, or that every part of it taken 
separately would equally affect the needle. It is, I beheve, 
scarcely possible to procure iron that shall possess this uni- 
formity of action, and it is evident that this was not the case 
with the plate of iron which I made use of. This species of 
polarity in iron is of so variable a nature, since by an acci- 
dental blow it will be transferred from one point to another, 
that it does not appear possible in any manner to submit its 
effects to calculation. It was to prevent these effects embar- 
rassing the results, that I took the mean of twelve observa- 
tions for each position of the plate; still it is possible that 
some of the differences between the observations and the 
results of the theory may have arisen from this cause. 

As the results of the hypothesis which I have advanced do 
not precisely agree with the observations, it will be proper 
to enquire whether we shall obtain a more perfect agreement 
by means of the hypothesis commonly assumed, in order to 
account for the effects produced on the needle by a mass of 
soft iron, viz» that the upper part of every mass of iron acts 
as a north pole and the lower part as a south pole. Let us 
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then suppose such poles to exist in the iron plate, in the dia- 
meter in the direGtion of the dip, and that the rotation causes 
the line joining them to describe in the iron an angle 4 from 
this diameter. The whole effect being now produced by the 
action of these poles, F being equal to o in the equations (2) 
and (3), we shall, on this supposition, have, 

"-',■ ■ ■• +3 ?in. (X + '^) . sin. X — cos. ^ 

Tan. <?>, = ^^^"- (^-^-^0..^,^^'^ ^ (3'), 

—7:7- -f 3 sin. (X — 1^) . sin. X — cos. -4^ 

Tan.4>= ^""-^"^-^ - .(4'). 

— rr-' 4- 3 sin.* X—- 1 

These equations being reduced, give, 

T^at^ /If -_ ' ^ 3 sin, a X 4- tan. 4 (3 cos. 2x4 -1) , ^^ 

i,dn. ^ —^^Tl ' ^ mR3 ":;; 7^ — 7 — ' {o )t 

-rr- Tr-*-(3cos,2X— i)+tani!^, 3sm, 2X 

J f COS. -il^ 

Tali d^rss-i— . 3 sin, 2 x — tan. i}/ (3 cos. 2 x 4- i ) > ;^ 

* ■ COS. ^ '-^^ R^ ■ ' \ /^ 

-2v ~T- — {3 cos, 2 X— i) — tan. i^ . 3 sin. 2 x 

'"Tp^n a — -J 3 sin. 2X .. ^. 

_;^ ^ (3 cos. 2 X — I) 

which will be precisely the same as ths eqiia:tions (5), (6), (7 
if tan. 'i/'=z —' and f^p cos. %}/ == |- F n 

The numerical values which we should obtain for 6^ and 6 
from these equations, would, in all cases, be exactly the same 
as those which we have already obtained from the equations 
(5) and (6): so that the agreement between the observations 
and the results from this theory would not be greater than 
in the former case. 

In the explanation of the phsenomena which take place on 
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presenting the difFerent ends of a mass of iron to the poles of 
a magnetic needle, in addition to the hypothesis, that the 
upper part becomes a north, and the lower a south pole, by 
position, it is necessary to suppose also, that in every change 
of position of the iron there is a corresponding and imme- 
diate change of its poles ; that is, the upper end becoming 
the lower, it also immediately becomes a south pole. Now 
it appears to me, that if we attempt to explain, on this hypo-- 
thesis, the phenomena arising from the rotation of the iron, 
we shall find that there are circumstances which are wholly 
incompatible with it. If on turning a mass of iron end for 
end, the poles are immediately transferred from one end to 
the other, how can we suppose that the revolution of the iron 
will cause these poles to move forwards, so that the line 
joining them shall describe an angle from the line of the dip ? 
or even granting that during the revolution of the iron they 
may be carried forward, they must, as soon as the iron 
ceases to revolve, resume their original position in the line 
of the dip, if they are so immediately transferred from one 
end of the iron to the other, as it is necessary to suppose 
in order to account for the phenomena which take place of 
attraction and repulsion, as they have been called. Imme-- 
diately, then, that the iron becomes stationary in any position, 
the deviation of the needle ought, on this hypothesis; to be- 
come the same, whether the iron has been brought into that 
position by revolving in one direction, or in the contrary. It 
is hardly necessary for me to say that this would not be the 
case^ since I have stated, that, in all the preceding observa- 
tions, the iron was stationary previous to the observation 
being made. 
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Whatever are the effects produced on the iron by its revor* 
lution, so far from these effects being of the transient nature 
which we must suppose them to be on this hypothesis ^ 
they appear to have been quite permanent, that is, so long 
as the iron remained in the same position, The following 

- ■ ■ - ' 

observation will show the small changes which took place 
during 12 hours. : 

In order that the needle might be quite free to move, it 
was suspended in a balance of torsion by a brass wire, of 
the same diameter as the finest gold wire used for transits » 
free from torsion, 21.15 inches long. The plane of the plate 
was in the plane of the secondary to the equator and merif 
dian, its centre in latitude 0° longitude 180® ; and it was fixed 
to a wooden axis passing through its centre perpendicular to 
its plane : the ends of this axis, which revolved with the 
plate, being made of brass, that I might ascertain whether 
the effect was independent of friction on the plate itself Thf. 
plate was made to revolve in contrary directions, as usual, 
and the direction of the north end of the needle noted, when 
the point 180^ on the plate coincided with the upper part of 
a plane parallel to the meridian, and passing through the 
plate's centre. After having made the plate revolve so that 
its upper edge moved from west to east, and noted the direc- 
tion of the north end of the needle when 180° coincided with 
the above plane, it was made to revolve from east to west, 
and 180^ being again brought to coincide with this plane, the 
direction of the north end of the needle was noted at diffe«- 
rent times for more than 12 hours, the plate remaining 
stationary during that time. 
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During this time the plate was kept per- 
\ fectly stationary, and care was taken 
I that the apparatus should not be in the 
least disturbed, 

C After 21^ 48"* the plate was made to revolve 
\ slowly once from W to E. 
C After making the plate revolve several 
I times and more rapidly. 

{Making the plate revolve several times 
from E to W. 
C Making the plate revolve once so slowly 
\ that the time of rotation was 3™ 26", 
r The plate kept perfectly stationary since 
\ 22^ 40"^. 
C Making the plate revolve through 30® from 
^ W to E, and then bringing it back 30" 
\ from E to W. 
C Making the plate revolve through 90^ from 
\ W to E, and then bringing it back 90^ 
\ from E to W. 
r Making the plate revolve repeatedly and 
\^ rapidly. 



I 



From these investigations it appears, that the effect pro- 
duced on the iron by its rotation is permanent, so long as the 
plate remains stationary ; that it is independent of friction ; 
that it is so far independent of velocity, that the iron can 
scarcely be moved so slowly that the whole effect shall not 
be produced ; and that the whole effect is produced by mak- 
ing it perform only one fourth of a revolution. 

Shortly after I had discovered these pecular effects to be 
produced by the rotation of iron, I pointed out the general 
nature of the phenomena and exhibited some of them to 
Mr, Barlow, and he has since made some experiments on 
the rotation of spherical shells, in which he has found that 
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phaenomena somewhat analogous take place, but they appear 
to be dependent on the velocity with which the shell is made 
to revolve. 

On computing the several values of j~^ from the equation 

(8), I found that if the terra s cos. I sin. H sin. d^ were neglected ; 

^u 1. • •/• F r \ A. % COS. 2 X + I sin. (9' + ) .^ 

that is, if 77- were equal to^ ^ . J[ > ; ; „ \., ^ i^ its numeri- 

^ zj p ^ 3 sm. 2 A sm. (9 -— ) 

cal values, so determined, would agree very nearly with 
each other, I was in consequence led to expect that equa- 
tions from which this value of -^ might arise, would give 

values of 6' — S^ agreeing more nearly with the observations ; 
and the result fully answered my expections, 

3 sin. 2x4- -■—' . (3 COS. 2 X + 1) 

If Tan. 6 = — TmW^ """ ' 

— =r- — . COS. ^ 
Fr 

3 sin. 2 X — ^^ . (3 COS. 2 X + i) 

and Tan. 6,= — j— — (lol 

then we shall have 

^ y^ 3 COS. 2 X -f I sin. (0' + a J / .% 

zfy 3 sin. 2 X • sin. (r— ij l^^^r 

When the deviation due to rotation vanishes or 6'=s6, the 
equations (9) and (10) give 3 cos. 2 X + 1 = and X = 54° 44's 
which agrees perfectly with the observations. 

From the observations in Table A, we have in this case, 

rp. n / It ? sin. 100° 28' 1 6" 

Tan. 9-09' 2o"=-j|-Rr-^ — - 

"1 2 7]fl R^ 

whence -|r— = 51.9504 = 53 very nearly. 

Whenx = o, ^7 '= —'^TT' • ^°^- ^*^"- ^'=- 061234; 
and when x = 90, Ul=^±.. i^^'.cos. ^tan. 5'=. 057291 = 
so that the mean value of ^ is .059262, or nearly .059. 
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The equations (9) and (10) therefore become 

Tan 6' = 3 sin. ?> x + .059 x (3 ^qs- 2 x + i) 

52 COS. 70^ 15' 
— , 3 sin. 2 X ■— ' » 059 X (3 COS. 2 A 4- i) 



(9a)' 



In the same manner the observations in Table B give^ 

1™! = 48.0278 = 48 nearly, and -^ = .059039 = ^059 

nearly, , ' ■ 

The equations (9) and (lo), in this case, become, 



Tan ^^-—^ 3 sin. 2X+ ,059 X (3 COS. 2 X + I) 

48 

Tan 6 .: 3 sin.2X^ .059 X (3 COS. 2 X + 1) 

' 48 



(l°6)- 
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TaMe of the values of^\ 9, and^'- — 0, computed from the equations (9^) (10^' 
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The agreement between the computed and observed values 
of 6'— Q^ also of 6' and 6, in the first table is such, that had I 
been assured of the correctness of the formula, I should cer- 
tainly not have expected it to be more perfect. In the second 
table, the agreement between the computed and observed 
values of 6^— S^ is equally close, but there is a greater differ-- 
ence between those values of the angles 6', 6^ themselves. 

In determining the value of ~^ from the observation when 

x==54'' 45'. and 6'rr=6,, I had in the first instance in conse-- 
quence of an error in computation, found it 47 instead of 
48, and having computed the several values of 6' and 6^ from 



this value of 



2 m R^ 
Fr 



, I found that the difference between these 



and the observed values was less than 8', except in two in- 
stances, in one of which it amounted to 11' and in the other 
19'^ Now the observations when x = 5o*' and a=:6o^ 

2 m R^ 



would give the value of 



Fr 



even less than 47**, as will be 
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seen when we compute it for these values of x, which would 
still further diminish these differences. I have therefore no 
doubt that the differences between the computed and ob- 
served values of 6' and 6^ in this table are to be attributed to 
an error of about 15' in the observed value of 6' when x = 
54"* 45^ The best criterion, however, of the correctness of 
the formula is in the agreement of the values of the con- 
stants derived from them by means of the observations. 

If we eliminate ^^ from the equations (9) and (10), we 
shall obtain 



" '< "» ■ i i iii i iii iiii 

Fr 



6 sin. 2 X COS. ^' . COS. 0^ 
COS, ^ • sin. (6' + 0,) 



(is). 

Substituting in the equations (ii) and (12) the several ob- 
served values of %' and 6^ in tables A and B, we obtain th< 

^^ contained in the following table. 
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Table of the values of the constants ^^ 

from the several observed values of^' and^, in tables A and B^ by 
means of the equations (12) and (11)^ 













k 


Observed values in 
Table A. 

, <%, ,, ,„.„,.„.„ 


Computed values. 


Observed values in 
Table B, 


Computed values. 


^' 


■ K 


2 mR^ 


2 F r 


W 


a' 


2 mR} 


2 Fr 


o 






Fr 


. fP 






Fr 


ff 


6 / // 


/ 






/ /; 


& ( II 




o 4- 47 55 


— 47 55 


50.103 


16.331 


4- 50 28 


— 50 28 


47-571 


16.798 


lO 


3 S7 ^0 


2 26 40 


54.301 


15 •733 


4 30 50 


2 54 52 


^o.jSj 


17.240 


20 


6 57 00 


5 40 00 


51.615 


16.681 


7 38 05 


6 15 27 


46.834 


17.085 


30 


9 03 25 


8 03 45 


51.077 


i6#32i 


10 07 50 


9 03 12 


45 -492 


16.819 


40 


9 56 20 


9 19 30 


51.516 


15.852 


II 02 12 


10 23 37 


46 . 203 


16.759 


50 


9 31 20 


9 21 25 


52.587 


I8.i88 


10 44 55 


10 32 35 


46.512 


16.412 


60 


8 OS 15 


8 16 15 


53.492 


16.939 


9 12 10 


9 24 40 


46.915 


16.894 


70 


5 51 35 


a 19 40 


53*452 


17.397 


6 33 52 


7 c6 20 


47.609 


16.849 


80 


2 51 25 


3 31,30 


54.463 


16.902 


3 10 50 


3 56 00 


48 . 846 


16.712 


90 — 22 25 


+ 22 25 

'r 


53*55i 


17.455 


-— 24 49 


+ 2449 


4^-372 


17.081 
16.865 




Mean v 


alues 


52.616 


16.780 


Mean values 


47.112 



iron arising from its rotation. 41 1 

On comparing together the several values of —^ mid 

also of ^rr-^, contained in this table, there can, I think, be no 

doubt that if the formulae (9) and (10), on which these values 
depend, be not absolutely correct, they will, at least, give in 
all cases, as close approximations to the values of 6^ and 6^ 
that would be obtained by actual observation, as the nature 
of the case appears to admit of. It is very possible that 
some modification in the theorv which I have examined might 

lead to the omission of the terms 2 cos. x — 1 + 2Z£ , 3 gin. ^ x 

in the formulae (5) and (6) ; and should this be the case, that 
the formulae (9) and (10) were to be derived from the theory 
so modified, it would, I think, be a very strong presumption in 
favour of the truth of such a theory. 

Since it appears from all the observations which I have 
detailed, that the direction of the magnetic polarity, which 
iron acquires hj rotation about an axis, whether it be at right 
angles to the line of the dip, as would follow from the theory 
which I have investigated, or not, has always reference to 
the direction of the terrestrial magnetic forces, we must infer 
that this magnetism is communicated to it from the earth. It 
does not therefore appear from this, that a body can become 
polarised by rotation alone, independently of the action of 
another body : so that if from these experiments we might 
be led to attribute. the magnetic polarity of the earth to its 
rotation, we must at the same time suppose a source from 
which magnetic influence is derived. Is it not then possible 
that the sun may be the centre of such influence, as well as 
the source of light and heat, and that by their rotation, the 
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earth and other planets may receive polarity from it ? If so,. 
further experiments and observations on the magnetic effects 
produced by the rotation of bodies may indicate the cause of 
the situations of the earth's magnetic poles^ and of their 
progressive movements or oscillations. 

Comparison of the magnetical effects produced hy slow and by 

rapid rotation. 

With the view of ascertaining how far the effects pro- 
duced on a magnetic needle by a plate of iron dtiring its 
rapid rotation^ corresponded with those that I have described 
as nearly independent of the velocity of rotation, and as con«^ 
tinning after the rotation had ceased, I placed the same plate 
of iron, which I had used in my former experiments, in the 
plane of the magnetic meridian, on an axis perpendicular to 
its plane, and about which it could be made to revolve with 
any velocity, not exceeding lo revolutions in a second. I 
then placed a small compass, with a light needle deBcately 
suspended, on a platform wholly detached from the iron 
plate, in certain positions opposite to the edge of the plate, 
both to the east and to the west of it, as near to the surface as 
the compass box would admit. The compass being adjusted, 
the plate was made to revolve once, slowly, so that its upper 
edge moved from north to south, and the point o coinciding 
with the plane perpendicular to the plane of the plate, and 
passing through its centre and that of the needle, the direc-^ 
tion of the north end of the needle was observed ; and also 
when 180 coincided with the plane, the same observation was 
made; The plate was now made to revolve rapidly in the 
same direction, about 8 times in a second ; and when the 
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needle became stationary during the rotation, the direction 
of its north end was observed. The point o on the plate was 
again made to coincide as quickly after the rapid rotation as 
possibk^ and the direction of the needle observed, in order to 
see if that rotation had produced any permanent change in 
the iron ; the same was done when the point 180 again coin- 
cided. Observations precisely similar to these were made 
when the upper edge of the plate revolved from south to 
north. 

Although the centre of the plate was stationary, and the 
needle was placed in certain positions with respect to it, I 
consider, as before, the situation of the centre of the plate 
with reference to the plane passing through the centre of the 
needle perpendicular to the dip; and its angular distance 
from this plane, the equator, was measured on a circle of 
9 inches radius parallel to the meridian, passing through the 
centre of the needle, and at the distance 1.45 inches from it, 
so that the centre of the needle was always at this distance 
from the edge of the plate, east or west. As the needle was 
only two inches in length, and the rim of the compass 
divided into degrees, the direction of the needle could not be 
observed nearer than to 5', and indeed scarcely to that de- 
gree of accuracy. The mode which I was under the neces- 
sity of adopting in adjusting the compass to the several posi- 
tions did not admit of extreme accuracy, so that these 
positions may be considered as liable to errors amounting to 
1^, or perhaps rather more, in angular distance from the 
equator ; but as my principal object was the comparison of 
the deviation due to the slow and rapid rotation of the plate, 
when its centre was in precisely the same position with re-^ 
spect to that ^ of the needle, this was not very material : it 
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will however account for any disagreements that maybe 
noticed in the absolute deviations in corresponding positions, 
as the greatest accuracy of adjustment would be requisite for 
their perfect agreement, when the plate is so near to the 
poles of the needle. 

Having ascertained^ by the observations when the plate 
was to the west of the needle, that the rapid rotation pro- 
duced no permanent change in the iron beyond that arising 
from the slow rotation, the deviations when any particular 
points of the plate were opposite to the needle being, as near 
as could be expected, the same after the rapid rotation as they 
were after the slow rotation in the first instance, the errors 
being sometimes in excess, sometimes in defect, as will 
appear by inspection of the first table, I did not repeat the 
observations on the effects of the slow rotation after the 
rapid, when the plate was to the east of the needle. 

The following tables contain the observations. The first 
four columns of deviations, are those which were observed 
when the plate was stationary, after having very slowly 
revolved, and also those when the needle pointed steadily 
during the rapid rotations. The deviations in the 5th and 
6th columns are obtained by taking half the difference be- 
tween those in the 1st and 2nd, and between those in the 
srd and 4th columns, as the deviation due to the rotation 
when the plate's upper edge revolved from north to south. 
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Tables of the deviations of a magnetic needle, caused by the rapid rotation of 
a plate of iron, observed dtiring rotation, compared with the deviations 
due to the slotv rotation of the plate y and permanent after the rotation had 
ceased. 

1st. The iron plate ^ 18 inches in diameter ^ to the west of the compass. 
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Direction of the N. end of the needle when plate sta- 
tionary after slow rotation, and also while the plate 
was rapidly revolving. 
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Mr. Christie on the effects of temperature on 



2nd. The same iron plate to the east of the compass. 
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Direction of the N. end of the needle when plate sta- 
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tionary after slow rotatior 


I, and also while the plate 










was rapidly revolving. 
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Deviation due to the rota- 






of the plate's 
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tion of the tf 


[ate s upper 
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From the inspection of these tables, it appears that the 

forces which are exerted on the needle during the rapid rota- 
tion of the plate, are always in the .same direction as- the 
forces which are derived from the slowest rotation , and which 
.continue to act after the rotation has ceased ; but that the 
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former forces are greater than the latter, there being only 
one instance of the contrary /and that in a position where the 
effects are so small, that a trifling error of observation would 
account for the difference. Taking a mean of all the obser- 
vations, these forces appear to be in the ratio of ig to 13, or 
very nearly 3 to 2. It is evident then that the polarising of 
the iron in the same direction will account for the phseno-- 
mena in both cases, but that the intensity of the polarity 
during the rapid rotation is greater than of that which 
appears to be permanent after the rotation, whether slow or 
rapid, has ceased ; and that the ph^enomena observed during 
rapid rotation are such as we should expect from those which 
I have so fully described as arising from rotation, withou 
regard to its velocity. 
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